The effect on the minimiim alveolar concentration of halothane (MAC) during extretne hypocapnia with oxygen, and with air, was determined in nine dogs. MAC was unaffected by hypocapnia with halothane-oxygen. Changing halothane-oxygen to halothane-air reduced the MAC significantly in only five of nine dogs. The average decrease in this group of nine dogs was H per cent, only slightly more than the possible error of the method. A mild metabolic acidosis remained constant throughout the two or three hours of hypocapnia.
Hyperventilation is thought to deepen the level of general anaesthesia, thereby reducing or eliminating the need for potent agents (QuttonBrock, 1957; Dundee, 1952; Geddes and Gray, 1959) . However, recent studies suggest that hypocapnic hyperventilation (Paco, less than 20 mm Hg) causes cerebral hypoxia primarily by reducing cerebral blood flow (Sugioka and Davis, 1960; Alexander et al., 1968; WoUman et al., 1968; Plum, Posner and Smith, 1968; Siesjo, 1968; Cohen, 1968) . Thus, any beneficial reduction in anaesthetic dose may be purchased at the expense of adequate cerebral oxygenation.
Using the minimum alveolar concentration of anaesthetic (MAC) required to prevent movement to a standard stimulus as a measure of central nervous system function, hypocapnia with halothane did not reduce MAC in man (Bridges and Eger, 1966) or dogs (Eger, Saidman and Brandstater, 1965; Eisele, Eger and Muallem, 1967) . In these experiments, however, oxygen was used with halothane, whereas hyperventilation is used clinically with nitrous oxide anaesthesia. Thus the Pao 3 is approximately 100 mm Hg and not over 400 mm Hg as in the halothane-oxygen studies. Perhaps hyperoxia in the experiments of Eger, Bridges and Eisele and their associates prevented hypocapnia from reducing MAC, just as hyperoxia reduced the severity of cerebral hypoxia during hypocapnia (Plum, Posner and Smith, 1968) , despite reduced cerebral blood flow. Therefore, we investigated the effect on MAC of extreme hypocapnia (Paco, 10 mm Hg) first during halothane-oxygen and then during halothane-air. E
METHODS
Nine healthy mongrel dogs weighing 12.2 (SB 0.8) kg were anaesthetized with halothane and oxygen. After tracheal intubation without muscle relaxants, an oesophageal thermistor probe was inserted and temperature was maintained between 36° and 38°C using a Sears heating pad placed on the dog when the temperature started to decline after induction of anaesthesia. By this means it was easy to maintain oesophageal temperature within narrow limits. End-tidal halothane concentration was measured with a Beckman LB-1 infra-red halothane analyzer. PETOO;, was monitored continuously with a Beckman LB-1 carbon dioxide analyzer. The femoral artery was catheterized for arterial pressure measurement (transduced with a Statham P23 AA standard size strain gauge) and for arterial blood sampling. Heart rate, blood pressure and PET C03 were recorded continuously on a Grass Model 7 polygraph. Arterial Po 3 , PcOj, and pH were measured with electrodes and were corrected for temperature. Base excess was calculated with a Severinghaus slide rule (Severinghaus, 1966) . Haematocrit ranged from 37 to 46 per cent (mean 41 ±0.9 per cent).
At least 1 hour after induction, when inspiredexpired halothane gradients differed by less than 10 per cent of the concentrations, MAC was determined by the standard method described previously (Eger, Saidman and Brandstater, 1965) . Control measurements were obtained at 1.16 ± 0.06 per cent halothane in oxygen, a concentration slightly above MAC for these dogs. Ventilation was controlled with an Air-Shields timecycled ventilator, maintaining Pa^ at 36.6 ±1.7 mm Hg. Then, end-tidal halothane was lowered to a concentration at which the dog moved in response to the tail clamp and maximal hyperventilation was begun, reducing Pacoi to about 10 mm Hg. MAC was determined every 15 minutes for the next hour. If no change in MAC occurred, all measurements were obtained in the final 15 minutes. With halothane again at a concentration at which the dog moved in response to the tail clamp, and with hyperventilation continuing unabated, inspired gas was converted from halothane-oxygen to halothane-compressed air. Again every 15 minutes for the next hour, MAC was determined. If no change in MAC occurred with halothane-air, all measurements were repeated in the final 15 minutes of the study. If MAC decreased, hypocapnia continued until a new MAC level was established. Then we attempted various manoeuvres to increase MAC towards control. These included a further waiting period, returning inspired gas to 100 per cent oxygen, adding carbon dioxide to 100 per cent oxygen and finally in the presence of added carbon dioxide, raising blood pressure with phenylephrine.
RESULTS
The results are summarized in table I. Extreme hypocapnia with halothane-oxygen did not reduce MAC. In two of nine dogs, MAC did decrease slightly, but the mean change was only -0.05 per cent. Following 1 hour of hypocapnia with halothane-oxygen, the change of inspired gas from oxygen to air reduced mean MAC by 11 per cent. Although this mean reduction was statistically significant, it was too close to the limits of error inherent in the method of determining MAC (10 per cent) to be meaningful (Eger, Saidman and Brandstater, 1965) . Considering the experiments individually, the MAC fell in five dogs by more than 10 per cent, and in four of these by 20 per cent or more. These individual changes are significant. In the other four dogs no change in MAC was demonstrated. Heart rate increased significantly during hyperventilation with halothane-oxygen and increased again with conversion to halothane-air. Systolic arterial pressure decreased only when changing the carrier gas from oxygen to air. There was no correlation between decrease in systolic blood pressure and decrease in MAC. Mild metabolic acidosis remained constant throughout the experiment.
Recovery of MAC was followed in the five dogs in whom MAC decreased during halothane-air. Table II shows that none of the manoeuvres tried consistently raised MAC towards control.
DISCUSSION
Extreme hypocapnia with air induced a small mean reduction in MAC which was scarcely outside the error of estimation. At Paooi of about 10 mm Hg (with a pH of about 7.75) cerebral hypoxia develops secondary to decreased cerebral blood flow and shift of the oxyhaemoglobin dis- , cerebral metabolic oxygen consumption fell, cerebral glucose consumption and cerebral venous excess lactate levels rose, and jugular venous Po, decreased to 16.9 mm Hg . In animals, hypocapnia increased brain tissue lactate levels and cerebrospinal fluid lactic acid (Siesjo, 1968; Plum and Posner, 1966) . As a result of the Bohr effect, high pH shifts the haemoglobin dissociation curve to the left, reducing oxygen delivery to the tissues at a given Pao,.
We postulated that a reduction in MAC would result from cerebral hypoxia and would be more easily demonstrated during normoxia than hyperoxia. Since MAC is a gross measure of overall central nervous system function, can we predict how much cerebral hypoxia is required to reduce MAC significantly? In earlier hypoxia studies, MAC did not fall significantly until Paoi reached 38 mm Hg (Cullen and Eger, 1970) . In this current study, extreme hypocapnia only reduced MAC significantly in five of nine dogs. This suggests a threshold depression of cerebral function (as measured by MAC) by extreme hypocapnia, comparable to moderate arterial hypoxia (Pao, 38-40 mm Hg). Cohen and associates (1967) , reported biochemical data in man supporting this interpretation. They found metabolic evidence of mild cerebral hypoxia to be equivalent at either Pao, 35 mm Hg during normocapnia or Pa<x»j 10 mm Hg during normoxia. Since Paoj 35 mm Hg in man is similar to Pao 2 38 mm Hg in dogs* the effects of extreme hypocapnia on MAC and cerebral metabolism are probably comparable to the effects of moderate arterial hypoxia.
Because MAC is only one measure of the anaesthetic state, the results do not refute the clinical impression that hyperventilation "deepens" anaesthesia or "quietens" the surgical field. Indeed, the four dogs in whom MAC remained constant appeared deeper because spontaneous quivering and eyelid movements ceased after hyperventilation began. There are four possible reasons why hyperventilation appears to deepen clinical anaesthesia, assuming anaesthetic concentration in alveoli and brain remains constant. First, hypocapnic hyperventilation reduces cardiac output in premedicated patients during anaesthesia, increasing the alveolar-arterial oxygen gradient (PrysRoberts et al., 1967; Editorial, 1969) . With nitrous oxide administration, a Pao 2 of considerably less than 100 mm Hg often occurs, and combined with hypocapnia, significant cerebral hypoxia could develop. Second, abdominal muscle relaxation (Katz and Wolf, 1964) and abdominal muscle reflex inhibition (Downes, 1963) both accompany passive hyperventilation, resulting in a quieter field of abdominal surgery. Third, spontaneous activity of the reticular formation is greatly diminished or abolished by hypocapnia, reducing efferent impulses to the cerebral cortex and phrenic nerve (Bonvallet, Hugelin and Dell, 1955; Dell, 1957) . Fourth, hyperventilation during surgery altered cortical function in man as measured by the critical flicker fusion test (Allen and Morris, 1962) , and the postoperative reaction time test (Wollman and Orkin, 1963) . Thus although hyperventilation and hypocapnia affect the anaesthetized patient, these effects are subtle and may require more sensitive means of detection than used for MAC.
EFFETS D'UNE HYPOCAPNIE EXTREME SUR LES BESOINS EN ANESTHESIQUE (MAC) CHEZ DES CHIENS

SOMMAIRE
On a determine chez neuf chiens, quels sont les effets d'une hypocapnie extreme, avec de Poxygene et avec de Pair, sur la concentration alveolaire minimale (MAC) en halothane. Le fait de passer du melange halothaneoxygene au melange halothane-air a entrain^ une reduction significative de la concentration alveolaire minimale (MAC) chez cinq chiens sur neuf. La moyenne de cette reduction pour cette serie de neuf chiens, a €ti de 11%, c'est-a-dire legerement superieure a la marge d'erreur possible de la methode utilisee. On a noti la Constance d'une legire acidose metaboh'que tout au long des deux ou trois heures d'hypocapnie. 
WIRKUNG EINER EXTREMEN HYPOKAPNIE AUF DIE MINDESTNARKOSETIEFE (MAK) BEI HUNDEN
ZUSAMMENFASSUNG
RESUMEN
El efecto sobre la concentraci6n alveolar minima de halotano (MAQ durante hipocapnia extrcma con oxigeno y con aire hie determinado en nueve perros. El MAC no fue afectado por la hipocapnia con halotano-oxigeno. El cambio de haiotano-oxigeno por halotano-aire redujo significativamente el MAC en cinco de nueve perros. La disminuci6n media en este grupo de nueve perros fue del 11 por ciento, solo ligeramente mis que el posible error del metodo. Permaneci6 constante una ligera acidosis metabolica durante las dos a tres horas de hipocapnia. indexed; illustrated. Price £7.50. The purpose of this book is to provide "up-to-date chapters reviewing the salient features of the scientific foundations of anaesthesia". This involves insuperable problems of selection, and these problems tend to be compounded in a multi-authorship book such as this unless editors are prepared to exercise a control which involves endless drudgery, and which many contributors might not be prepared to accept. There are thirtyseven contributors to this volume; a manageable number and far fewer than in the case of Scientific Foundations of Surgery; of these, quite rightly, only about half are anaesthetists. The editors are to be congratulated on assembling so distinguished a team.
BOOK REVIEW
The book starts with an account of some of the principles of Newtonian physics; a start which suggests a progression of the logical Euclidian type. Such an approach is clearly not practicable. If such subjects as work, energy and acceleration are covered it might be expected that the elementary principles of magnetism and electricity should be outlined, especially since these are important in the understanding of many of the methods of measurement which are subsequently described. In fact the "Scientific Foundations" develops into a series of essays, each more or less complete in itself, on the physical basis of the science of anaesthesia (mainly concerned with the principles of measurement), and on physiology and pharmacology, together with a section on apparatus ana an appendix on mathematics and shapes, computers and statistics.
Half the book is concerned with the physiological basis of the specialty, with separate sections on the cardiovascular, respiratory and neuro-endocrine systems, metabolic processes (with a chapter on liver and kidney) and body fluids. The pharmacological section is much shorter and deals with the metabolism of drugs and with factors affecting their action, and has chapters on the uptake distribution and elimination of both anaesthetic agents and muscle relaxants. The account of anaesthetic apparatus contains chapters on lung ventilators, vaporizers and anaesthetic circuits and includes also an account of humidincation and of explosions.
It is not intended that this be a clinical treatise, though some of the contributions have a more directly clinical content than do others; the chapter on pain, for example, is clearly concerned with treatment in the surgery. But though there is little of direct clinical instruction in most of the chapters there is much which might change the clinical practice of the discerning reader. Surprisingly some physiological topics of current clinical interest have not been dealt with in anything but a superficial way. There might be, for example, a good case for a fuller treatment of the physiological significance of the central venous pressure in a work such as this.
Some of the chapters are closely argued and give a long list of references, the chapter on anaesthesia and endocrine secretion being a notable example of careful scholarship. Others are more discursive and less thoroughly documented, confining the references to suggestions for further reading. As the book is obviously intended for, inter alia, those who are reading for higher examinations, the absence of a comprehensive list of references is probably no serious disadvantage, though it may irk those who want to explore a subject more fully.
The chapters are not of equal length and sometimes the text is difficult to follow because large subjects have been compressed into a small compass. The short chapter on cardiac performance is a case in point; here too much difficult material has had to be contained in too small a space and, though the attempt is a brave one, the text suffers somewhat in clarity thereby. Most of the chapters, however, are readable, and some eminently so. Many of the contributors attempt to deal with their subjects comprehensively but some are more selective. The account of the muscle relaxants, for example, includes very little of what is known about the metabolism of suxamethonium, but goes into the fate of tubecurarine in detail. No bad thing this, since the metabolism of suxamethonium is dealt with thoroughly in many standard textbooks.
The Scientific Foundations of Anaesthesia is not a comprehensive work (this it just cannot be) and it is not a unified work (this too would be impossible with the number of authors who contribute). It is, however, both stimulating and readable. Those taking the primary fellowship examination will find much of value, and possibly a little which is invaluable. Those who want to revise their knowledge of the scientific elements of the specialty might do far worse than to start here.
J. E. Utting
